Multiplex PCR was used to detect genes encoding selected virulence determinants associated with strains of Escherichia coli with K1 antigen (K1 + ) and non-K1 E. coli (K1 "
INTRODUCTION
Escherichia coli is a normal inhabitant of the gut microflora. However, certain E. coli strains cause severe human infections (Duriez et al., 2001; Hilbert et al., 2008) . It is known that strains possessing the K1 capsular polysaccharide antigen (K1 + ) are responsible for sepsis and~80 % of neonatal bacterial meningitis (NBM). The development of these devastating diseases in the neonate depends on several risk factors in both the infant and the mother, as well as on the virulence of the pathogen (Bingen et al., 1997; Korczak et al., 2005) . It has been speculated that colonization of the mother's vagina or rectum by E. coli K1 + and also perinatal and intrauterine infections and maternal urinary tract infections play a role in transmission of these strains to the newborn. The mode of infection of the neonate may be either transplacental or directly through aspiration of the pathogen during delivery (Watt et al., 2003; Korczak et al., 2005; Hilbert et al., 2008) . However, only some colonized women give birth to an infected child or to a very-low-birth-weight child or give birth prematurely. This implies that not all E. coli strains complicate pregnancy or cause neonatal infections (Krohn et al., 1997) . The pathogenicity of E. coli strains is correlated with the presence of numerous virulence factors (VFs) (Watt et al., 2003; Soto et al., 2008) . The virulence of E. coli K1 + is related to the ability of the K1 capsule to inhibit phagocytosis and to resist antibody-independent serum bactericidal activity, as well as the fact that K1 + strains are able to cross the blood-brain barrier (BBB) as live bacteria, although recent studies with E. coli K1 + have shown that K1 antigen is not the only factor required for successful penetration into the central nervous system. Most E. coli pathogens causing NBM carry also VFs, such as O-LPS, outer-membrane protein A (OmpA), type 1 fimbriae (FimH), S fimbriae, cytotoxic necrotizing factor 1 (CNF1), and invasion of brain endothelial cells (Ibe), AslA and TraJ proteins (Kim, 2001 (Kim, , 2002 (Kim, , 2003 (Kim, , 2008 . Moreover, the K1 capsular antigen, a-haemolysin, the iron uptake aerobactin system, adhesins (P, F1C and S fimbriae) and the IbeA protein are considered to be the major VFs related to neonatal pathogenicity caused by E. coli (Bingen et al., 1997; Johnson et al., 2002; Watt et al., 2003) . In addition, aerobactin and haemolysin production is essential to the survival of invasive strains of E. coli when iron is limiting in the bloodstream (Korhonen et al., 1985; Chouikha et al., 2008) .
Only a few studies have examined the properties of E. coli K1 + strains, so, for the purpose of obtaining more information on specific characteristics potentially contributing to the virulence of these strains, we analysed the prevalence of selected genes encoding known virulence determinants. The data were compared with results obtained for non-K1 (K1 2 ) E. coli strains. coli strains were obtained from faecal samples collected from pregnant women and neonates. E. coli isolates were predominant among the Gram-negative faecal flora. The other 57 strains were isolated from the vaginal flora of pregnant women, the nasal cavities of newborns and the urine of pregnant women and neonates (Table 1) . Bacteria were cultured on MacConkey agar and identified by a biochemical method (ID 32E; bioMérieux). K1 antigen was identified using a latex agglutination test (Pastorex Meningitis; Bio-Rad) according to the manufacturer's instructions. In the presence of the K1 antigen, latex particles agglutinated. In the absence of antigen, latex particles remained in a homogeneous suspension. PCR was also used to detect the neuC gene encoding this virulence determinant.
METHODS
Detection of VFs. VF genes were detected by PCR amplification using a GeneAmp PCR System 2700 thermal cycler (Applied Biosystems). DNA was extracted from bacteria using a Genomic Mini Purification kit (A&A Biotechnology) according to the manufacturer's instructions. Three multiplex PCR assays were designed for simultaneous detection of: (i) neuC and sfa/foc, (ii) fimA and fimH, and (iii) hlyF, iutA and ibeA. Each VF gene was amplified using primers described by Moulin-Schouleur et al. (2007) (Table 2 ) in a total volume of 25 ml containing 1 ml DNA, 1.56 PCR buffer, 2 mM MgCl 2, 5 nmol each dNTP (Promega), 12.5 pmol each primer (Laboratory of DNA Sequencing and Oligonucleotide Synthesis, IBB Polish Academy of Sciences, Poland) and 1 U Taq DNA polymerase (Promega). The PCR steps were as follows: initial denaturation at 94 uC for 3 min, followed by 30 cycles of denaturation at 94 uC for 1 min, annealing at the specific temperature for each multiplex reaction as follows: 58 uC (neuC and sfa/foc), 49 uC (fimA and fimH) or 51 uC (hlyF, iutA, and ibeA) ( Table 2 ) for 1 min, and extension at 72 uC for 1 min, followed by a final 10 min extension at 72 uC. The reaction conditions were adapted from the method of MoulinSchouleur et al. (2007) . All of the PCR assays contained positive and negative controls. The following E. coli strains were used as positive controls in the PCR: strain BEN2908 for the fimA, fimH, neuC, hlyF, iutA and ibeA genes, and strain 536 for sfa/foc. As a negative control, a reaction mixture without DNA was included in the experiment. The PCR products were separated by electrophoresis in a 1.5 % agarose gel and visualized by ethidium bromide staining.
Statistical analysis. Statistical analysis used a x 2 test and Fisher's exact test. The level of significance was set at P,0.05. Data analyses were performed by Statistica version 8.0 (StatSoft).
RESULTS

Effectiveness of K1 antigen identification
Confirmation of the results of K1 surface antigen identification in E. coli strains using a latex agglutination test and PCR was obtained for 132 (98.5 %) of the 134 tested strains. The latex agglutination method falsely identified two strains: one 7 (10.4 %) 8 (11.9 %) 14 (20.9 %) 1 (1.5 %) 4 (6.0 %) 67 (100.0 %) 
as K1
2 (sensitivity 98.5 %) and one as K1 + (specificity 98.5 %) in comparison with the PCR results.
Frequency of virulence genes
Multiplex PCR was used to investigate the presence of the neuC, fimA, fimH, sfa/foc, ibeA, iutA, and hlyF genes encoding virulence determinants associated with the E. coli strains. Examples of the PCR amplification results for the genes analysed in this study are shown in Fig. 1 . Table 3 shows a comparison of the prevalence of virulence genes among E. coli K1 + and K1 2 isolates. The fimA and fimH genes were the VFs found most frequently in each population. The fimA gene was present in 83.6 % of E. coli K1 + and 86.6 % of K1 2 strains, whilst the fimH gene was detected in all tested E. coli K1 + strains and 97.0 % of K1 2 strains. A smaller number of E. coli strains harboured the other genes studied, but the prevalence of each gene in E. coli K1 + and K1 2 isolates varied significantly. E. coli K1 + strains were significantly more likely to possess the following genes: sfa/ foc (37.3 vs 16.4 %, P50.006), ibeA (35.8 vs 4.5 %, P,0.001), iutA (82.1 vs 35.8 %, P,0.001) and hlyF (28.4 vs 6.0 %, P,0.001) than the E. coli K1 2 strains.
The number of VF genes harboured by E. coli K1 + differed from those harboured by E. coli K1 2 (Table 4) . Overall, 83.6 % of E. coli K1 + harboured at least three virulence genes compared with 43.3 % of E. coli K1 2 strains. In contrast, the occurrence of one or two genes simultaneously was detected more often among E. coli K1 2 (53.7 %) than K1 + (16.4 %) strains. None of the six virulence genes studied was detected only among E. coli K1 2 strains, whilst all tested virulence genes were found among E. coli K1 + strains at the same time. The comparison of E. coli K1 + and K1 2 isolates also showed that the highest percentage of E. coli K1 + strains contained the three determinants fimA, fimH and iutA (31.3 %), whereas the highest percentage of E. coli K1 2 (44.8 %) strains was found to possess both the fimA and fimH genes (Table 4) .
DISCUSSION
The predominant microflora in the vagina consists of Lactobacillus and Streptococcus species. The presence of other bacteria such as E. coli may be important, although not necessarily synonymous with infection (Cook et al., 2001 ). The ability of some E. coli strains to adapt to the vaginal and/or endocervical conditions and to the amniotic fluid, as well as the ability to invade the blood or the cerebrospinal fluid of neonates, correlates with an enrichment of VFs. In addition to K1 antigen, other known virulence determinants are associated with E. coli strains responsible for infections during pregnancy and at birth (Watt et al., 2003) . To our knowledge, the comparison of E. coli K1 + and K1
2 strains with respect to the frequency of occurrence of various pathogenic factors has not been studied previously. Therefore, we analysed the correlation between the presence of the K1 antigen and the following VFs: type 1, S and F1C fimbriae, aerobactin receptor, IbeA protein and putative haemolysin.
The ability of a bacterium to adhere to host tissues by specific fimbriae is important for the initiation of infection. It has been shown that a high degree of bacteraemia is necessary but not sufficient for the development of meningitis by E. coli K1 + (Kim, 2001 (Kim, , 2002 (Kim, , 2003 (Kim, , 2008 . Binding to and invasion of brain microvascular endothelial cells (BMECs) are also prerequisites for E. coli penetration of the BBB. VFs of recognized importance in the binding to BMECs include type 1 fimbriae (Kim, 2008) . The prevalence of the genes encoding type 1 fimbriae found in our isolates is consistent with the data in the literature. In our study, the gene encoding the major subunit protein of these fimbriae (fimA) was present in .80 % of E. coli K1 + as well as K1 2 isolates, whereas the gene encoding the adhesin of these fimbriae (fimH) was present in nearly 100 % of E. coli K1 2 strains and in all K1 + strains. A similar prevalence of the fimA gene was observed by Soto et al. (2008) , who 1 2 3 4 5 6 7 8 9 10 11 12 13 14 M Fig. 1 . Multiplex PCR amplification products. Lanes: 1-3, 5-7, 10-12, examples of tested DNA samples; 4, positive control for the fimA (500 bp) and fimH (389 bp) genes (E. coli strain BEN2908); 8, positive control for the neuC (676 bp; E. coli strain BEN2908) gene; 9, positive control for the sfa/foc (410 bp) gene (E. coli strain 536); 13, positive control for the ibeA (814 bp), iutA (587 bp) and hlyF (444 bp) genes (E. coli strain BEN2908); M, DNA marker (GeneRuler 100 bp DNA Ladder; Fermentas); 14, negative control (no DNA). , 2008) . Furthermore, in our study, the frequency of the fim genes among E. coli K1 + strains was not significantly different from their frequency among E. coli K1
2 . This fact is not surprising, as these genes have so far not been found to be associated with any particular E. coli strains or human infection. Additionally, unlike other fimbrial types, type 1 fimbriae may be expressed at the site of infection but not expressed under laboratory conditions (Hultgren et al., 1985) . As a consequence, analysis of type 1 fimbriae in vitro, such as by measuring haemagglutination, is not revealing, and the prevalence of the fimbrial genes is generally higher than described by phenotypic methods. For example, Cisowska (2000) found that type 1 fimbriae occur only in 20 and 54.3 % of E. coli K1 + and K1 2 strains, respectively. This difference can be explained by the lack of expression of fimbriae in certain strains analysed phenotypically.
S fimbriae are the next most common VF that are often found on E. coli K1 + strains. S fimbriae also contribute to the binding of E. coli K1 + to BMECs in vitro and its crossing of the BBB in vivo; however, they do not have a pivotal role (Kim, 2003) . The prevalence of S fimbriae is most often noted among strains responsible for meningitis, bacteraemia and sepsis (Bingen et al., 1997; Watt et al., 2003) . These fimbriae are closely related to F1C fimbriae because they share high sequence homology to the major and minor subunits of the F1C fimbriae. A cluster of sfa and foc genes is necessary for the biogenesis of S and F1C fimbriae (Khan et al., 2000) . Johnson et al. (2002) reported a frequency of 61 % sfa/foc-positive isolates from infants with NBM, whilst other studies have shown that this percentage is lower (33-44 %; Bingen et al., 1997; Watt et al., 2003) , whereas the percentage of E. coli strains with sfa or sfa/foc genes isolated from blood ranges from 9 to 59 % (Bingen et al., 1997; Cook et al., 2001; Watt et al., 2003; Bagger-Skjøt et al., 2007; Soto et al., 2008) . In addition, E. coli strains isolated from the vagina frequently possess genes encoding S fimbriae or S and F1C pili (20-48 %; Obata-Yasuoka et al., 2002; Watt et al., 2003; Hilbert et al., 2008) . Their occurrence is rarer in E. coli obtained from faeces (4-28 %; Watt et al., 2003; Bagger-Skjøt et al., 2007; Hilbert et al., 2008) . In our study, the prevalence of the sfa/foc gene in E. coli K1 + and K1 2 strains was compared. These strains were isolated from faecal samples and from the nasal cavity, vagina and urine. The results showed that E. coli K1 + strains were significantly more likely to possess the sfa/foc gene than E. coli K1 2 strains. These results have not been confirmed in other studies. Cisowska (2000) reported the prevalence of S fimbriae in 2.9 % of E. coli K1 + and 5.7 % of E. coli K1 2 strains. Similarly, Bingen et al. (1997) found no correlation between the presence of the K1 antigen and the sfa operon, as well as other determinants studied. They showed that the frequency of the occurrence of the sfa operon was significantly higher in blood and cerebrospinal fluid isolates than in faecal isolates, even though the latter were all K1 + .
As well as binding to BMECs, invasion of these cells is necessary for the development of meningitis by E. coli K1 + . The IbeA protein has been identified as an important VF involved in the invasion of BMECs that enables penetration across the BBB (Che et al., 2011) . Soto et al. (2008) showed that the ibeA gene is significantly more prevalent in E. coli + are similar to those reported in vaginal E. coli (32 %) and neonatal meningitis E. coli strains (32-33 %) (Bingen et al., 1997; Johnson et al., 2002; ObataYasuoka et al., 2002; Hilbert et al., 2008) , whilst the percentage of E. coli K1 2 strains with the ibeA gene was similar to that found for strains isolated from faeces by Bingen et al. (1997) Aerobactin and haemolysins are also important VFs of E. coli. As iron is limiting in the bloodstream, these VFs allow bacterial growth in the host. Our results showed that E. coli K1 + strains were significantly more likely to possess the iut and hlyF genes than E. coli K1 2 strains. The prevalence of the iutA gene found in our E. coli K1 + isolates correlates with data published by Moulin-Schouleur et al. (2007) . They noted that the iutA gene, which encodes the aerobactin receptor, was present in .85 % of strains isolated from the blood of septicaemic adult patients and from neonatal meningitis cases. Our findings concerning the frequency of E. coli K1 2 with the iutA gene are in accordance with earlier reports of 30 % (Moreno et al., 2008) and 41 % (BaggerSkjøt et al., 2007) for faecal isolates. Haemolytic activity in E. coli has been attributed to haemolysin genes. A new class of haemolysin represents a novel bacterial gene designated hlyF (Morales et al., 2004) . To our knowledge, the prevalence of the hlyA gene encoding a-haemolysin is most often analysed, and comparison of E. coli K1 + and K1 2 strains with respect to the frequency of occurrence of hlyF has not been studied before. Our results suggest that this gene is particularly associated with E. coli K1 + strains.
Pathogenic E. coli usually carry a large set of VFs that may occur in various combinations. Duriez et al. (2001) showed that extraintestinal pathogenic strains had more VFs than human commensal strains. Of the 118 extraintestinal pathogenic strains studied, 110 (93 %) harboured at least one virulence gene, whereas none of seven VF genes studied was detected in 74.4 % of human commensal strains. Our study revealed that all the investigated VF genes except for fimA were more frequently detected among E. coli K1 + strains. Moreover, the presence of all investigated virulence genes at the same time was found only for E. coli K1 + strains. Because of the higher prevalence of VFs within phylogenetic groups B2 and D than in groups A and B1, it is possible that the difference in the occurrence of virulence genes between K1 + and K1 2 E. coli strains may be associated with their different phylogenetic backgrounds (Moreno et al., 2009 ).
In conclusion, K1-encapsulated E. coli strains seem to be more virulent than those without K1 antigen. Their properties are similar to those associated with extraintestinal E. coli strains. Fimbriae, aerobactin receptor, IbeA protein and haemolysin F may enhance the virulence of E. coli K1 + strains and may allow the bacteria to cause severe infections during pregnancy, thereby increasing the possibility of NBM. Thus, programmes to screen for vaginal colonization by E. coli, especially those with K1 antigen, may be useful in pregnant women.
